The Universal Protein Resource (UniProt) is a freely available comprehensive resource for protein sequence and annotation data. UniProt is a collaboration between the European Bioinformatics Institute (EMBL-EBI), the Swiss Institute of Bioinformatics (SIB), and the Protein Information Resource (PIR). Across the three institutes more than 100 people are involved through different tasks such as expert curation, software development, and support.
Introduction
The Universal Protein Resource (UniProt) is a freely available comprehensive resource for protein sequence and annotation data [1] . UniProt provides a number of datasets, the main ones being the UniProt Knowledgebase (UniProtKB), Proteomes, UniProt Reference Clusters (UniRef), and the UniProt Archive (UniParc). An overview of these datasets can be seen in Fig. 1 . UniProtKB is the central hub for all functional information on proteins [2] . It consists of two sections, the reviewed (Swiss-Prot) section contains expertly annotated entries and the unreviewed (TrEMBL) section contains computationally analyzed and annotated entries. UniRef provides clusters of UniProtKB sequences (including isoforms) based on sequence identity at resolutions of 100 % identity, 90 % identity, and 50 % identity. This helps compress sequence redundancy and speed up sequence similarity searches. UniParc is the sequence archive of all publicly available protein sequences, including those not part of the UniProtKB set. UniProt also provides the Proteomes dataset for species with completely sequenced genomes. A proteome is the set of proteins thought to be expressed by an organism. In addition to these core protein datasets, UniProt provides supporting datasets for Literature Citations, Taxonomy, Keywords, Subcellular locations, Cross-referenced databases, and Human diseases. UniProt also provides Automatic annotation rules for UniRule (expertly curated rules) and SAAS (statistical automatic annotation system).
UniProt also provides three tools embedded into workflow through datasets and on their own dedicated pages. These are the BLAST sequence search tool, the Align multiple sequence alignment tool, and the Retrieve/ID mapping tool that allows you to use a list of UniProtKB accessions to download a batch of UniProtKB entries or map the accessions to an external database and vice versa [3] . The tools are available through their own dedicate pages on the UniProt website at www.uniprot.org. They are also integrated into search results and entry pages from where you can access them while in the process of exploring data.
Understanding protein function is critical to research in many areas of science such as biology, medicine, and biotechnology. As the number of completely sequenced genomes continues to increase, huge efforts are being made in the research community to understand as much as possible about the proteins encoded by these genomes. This work is generating large amounts of data, which are spread across multiple locations including scientific literature and many biological databases. Keeping up with all of this information is a daunting task for most researchers and UniProt Here, we describe the key use cases supported by UniProt for researchers to be able to achieve their goals at a single site.
Methods
The UniProt website provides an intuitive interface to help you find your protein of interest and explore protein data. You can use the search bar in the UniProt banner at the top of all pages to search the various UniProt datasets. Here, we consider searching for "insulin" as an example.
1. Go to http://www.uniprot.org/. You will see a drop-down list to the left of the search bar that allows you to select a dataset, see Fig. 2 . You can search all UniProt datasets by selecting them from this drop-down. If you are looking for protein information about function, subcellular location, interactions, etc., use the default selection of "UniProtKB" and enter your search term in the search box (for example "insulin") and click on the search button.
2. In order to make your search more specific, you can use the advanced search function. Click on the "advanced" link toward the right of the search box. Click on the dropdown in the advanced search panel to define the type of query you are making. For example, you can select "Protein name" from the first dropdown to correspond to the query "insulin." You can also add additional parameters like "Organism," "Protein existence," etc., as shown in Fig. 3 . To add more than two rows of parameters, click on the "+" icon and to delete a row of parameters, click on the bin icon. When you have entered all your parameters, click on the search button.
3. Once you have submitted your search, you will arrive at the relevant results page, for example the UniProtKB results page in Fig. 4 . The results page offers a panel of filters on the left to help you refine your search. To the right of the filters is the main results table. Above the results table is a row of action
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Fig. 2 UniProt header search bar
buttons. You can select entries via checkboxes and then directly run a BLAST search, a multiple sequence alignment, download them in a number of available formats, or add them to your basket for later use (see Note 1). You can also edit the columns you are seeing to see more or less information by using the Columns button.
4. When you have found your exact protein of interest in your dataset, you can click on the entry accession link highlighted in blue font to view the full protein entry page, as shown in Fig. 5 . When viewing a UniProtKB entry, the menu bar on the lefthand side of the screen lists the entry sections, allowing you to move easily between sections. The entry provides all annotated UniProtKB entries also provide annotations about sequence features, such as domains, sites, PTMs, and variants. Colocalization of sequence features can have a significant impact on protein function (for example a variant at the position of an active site could alter enzyme function). To view all sequence features together, you can click on "Feature viewer" under the heading "Display" on the left-hand side of the page. It organises sequence features in category tracks, which can be expanded to view more detail, as shown in Fig. 6 .
A proteome is the full set of proteins thought to be expressed by an organism and the UniProt websites provide proteomes datasets for species with completely sequenced genomes.
1. Click on the dropdown to the left of the search bar and select "Proteomes."
2. Enter your query directly into the search box, for example "Homo Sapiens," or click on the "advanced" button to the right of the search box and build a query using the parameters provided. This can help find exact results for the organism or taxonomy level you would like to specify. Click on the search button or hit enter to get to your results page.
3. You will be presented with a table of results for your proteomes search, as shown in Fig. 7 .
Finding the Proteome (Complete Protein Set) for an Organism
Fig. 5 UniProtKB protein entry
4. Click on the proteome identifier to go to the detailed proteome page where you will see a summary of the organism, information about the genome assembly, proteins arranged by the chromosome or plasmid that they belong to, links to the protein entries in UniProtKB, and publications related to the proteome as shown in Fig. 8 . Studying the involvement of proteins in diseases is important to help identify drug targets and better understand disease mechanisms in the human body. The best way to look for all proteins involved in a disease is to begin your search with the Human diseases dataset provided by UniProt [4] . Here, we consider this use case with the disease Breast Cancer as an example.
1. Go to http://www.uniprot.org/ and click on the drop-down to the left of the search bar. Select "Human diseases" under the "Supporting data" section in the dropdown. Type your query into the search box, for example "Breast cancer," and hit the search button.
2. You will arrive at a results page. The results table presents results that match your query such as is "Breast cancer, lobular," "Breast cancer," and so on. You will see a definition of the disease and a link to UniProtKB to see all proteins linked to this disease. For example, in case of the result "Breast cancer," there are 12 linked UniProtKB entries as shown in Fig. 9 .
3. To view all linked proteins, simply click on the UniProtKB link under the disease definition. You can also click on the disease name to view the detailed definition for the disease, its synonyms, and cross-references to related resources (like MIM, MeSH, etc.).
4.
Clicking on the UniProtKB link will bring you to a UniProtKB results page for all proteins linked to this disease. Each of these UniProtKB protein entries provides information about various biological aspects such as function, taxonomy, subcellular If you have a protein sequence you would like to identify, you can use the Basic Local Alignment Search Tool to find closely matching sequences from UniProt that can help you understand evolutionary relationships and make functional inferences based on sequence identity. The UniProt website provides a form to submit your own sequences or any UniProtKB protein accession, UniParc sequence archive accession number, or UniRef cluster accession to the BLAST tool, using the NCBI BLAST algorithm [5] . It supports an integrated workflow that allows you to submit protein entries to BLAST from a search results page, the UniProt basket, and also a protein entry page.
Finding All Proteins Involved in a Disease
1. Click on the BLAST link in the header of the UniProt website. This will bring you to the form submission page for BLAST.
2. Enter a protein or nucleotide sequence or a UniProtKB, UniParc, or UniRef cluster identifier or accession in the input field, for example P00750, as shown in Fig. 10. 3. You have a number of optional settings that you can change or leave as default. The options include "Target database," "E-Threshold," "Matrix," "Filtering," "Gapped" (yes or no) and number of Hits you'd like to get from the tool. For example, if you would like to find sequence matches only from a particular taxonomic level like "mammals" instead of from all of UniProtKB, you can select this from the "Target database" dropdown. You can also use the "Target database" dropdown to search against UniRef clusters instead of UniProtKB. UniRef clusters consist of UniProtKB sequences clustered based on identity at 100, 90, and 50 %. Searching against clusters hence speeds up BLAST searches. Fig. 9 Human diseases results page 4. Click on the Run BLAST button to execute your query. You will see a "Job status: RUNNING" page while your query is being run. This page provides details of your query sequence and settings.
Identifying Your Sequence Using the BLAST Search
5.
You will arrive at the BLAST results page once your query has been executed, as shown in Fig. 10 . On the left-hand side, this page provides filters, mapping links to map your results to other datasets like UniProtKB, and alternative views of the results by taxonomy tree, text or XML versions. The upper half of the page provides an overview that you can expand to see all results by clicking on the "Show all 250" link. In Fig. 11 , the overview shows the UniProtKB entry accession number, the protein names and species, a diagrammatic view of your matches that is color coded by identify and the actual identity percentage. The lower half of the page shows your alignments in detail with each one represented diagrammatically in related to the query sequence. You can click on the graphic to view the raw sequence alignment in detail. The page also provides a Job identifier that you can use to retrieve your results page for up to 7 days.
6. You can also submit a UniProtKB, UniParc, or UniRef entry to the BLAST tool from a search results page by selecting the checkbox for that entry and clicking on the "BLAST" button above the results page. Alternatively, you can click on the checkbox and then click on the "Add to Basket" button above the search results table to build a collection of entries in your basket and submit one of them to BLAST at a later point.
7. When on a UniProtKB entry page, a UniRef cluster page, or a UniParc sequence archive page, you can simply click on the BLAST button near the top of the entry to submit the sequence to the BLAST tool. In case of a UniRef cluster entry with multiple sequences in the page, you can choose one by ticking on the checkbox to the left of it and then click on the "BLAST" button to submit to the tool.
Aligning multiple sequences can help understand evolutionary relationships and identify areas of conservation between your sequences that can have structural or functional associations. UniProt provides a multiple sequence alignment tool "Align" that uses the Clustal Omega algorithm to align sequences [6] . For the most meaningful results, you should try and align sequences that are likely to be related so that you can explore evolutionary, structural, and functional relationships. You can access the tool through its own form submission page or directly through search results pages and protein entry pages. Integrating the tool into the data exploration workflow offers you a flexible way to find and analyze your data.
1. Click on the "Align" link in the header of the UniProt website.
You will see a form submission page with an input box.
2. If you have two or more sequences that you would like to align to find areas to conservation and divergence, you can submit the sequences in FASTA format or accessions into the input box on this page. Click on the "Align" button to execute your query.
3. You will see a "Job status: RUNNING" page while your query is being executed.
4. Once completed, you will be presented the Alignment results page. The results page presents the alignment information, an evolutionary relationship tree for your sequences, and the results information able at the bottom. On the left-hand side, you have Highlight options that allow you to select checkboxes to visually highlight sequence areas corresponding to
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annotations like active sites, domains, glycosylation, etc. and amino acid properties like hydrophobicity as shown in Fig. 12 . This allows you to have a quick visual overview of important annotations or amino acid properties and their conservation or distribution in the sequences you have aligned. The results information on the page provides a job identifier that you can use to access your results for up to 7 days.
5.
You can also submit UniProt entries to the Align tool from a search results page by selecting the checkboxes for entries and clicking on the "Align" button above the results page. Alternatively, you can click on the checkboxes and then click on the "Add to Basket" button above the search results table to build a collection of entries in your basket and submit them to the Align tool at a later point.
6. When on a UniProtKB protein entry page with multiple sequences (i.e., isoforms), you can click on the "Align" button toward the top of the entry page to align the isoforms. When on a UniRef cluster entry page, you can click on checkboxes to select constituent entries that you would like to align and then click on the "Align" page toward the top of the page to submit them to the Align tool.
Fig. 12 Align results page
If you have a list of UniProtKB accessions that you need to map or convert to identifiers from another database, for example if you have a list of UniProt accessions from a mass spectrometry experiment that you would like to map to other databases (for example, Ensembl, PDB, InterPro, etc.), you can use the Retrieve/ID mapping tool on the UniProt website. You can also map identifiers from external databases to UniProt using this tool [3] .
1. Click on the "Retrieve/ID mapping" link the UniProt header. This will bring you to a form submission page with an input box, "from and to" database options and a "Go" button.
2. To convert UniProtKB accessions to an external database, for example Ensembl, paste your list of UniProtKB accessions in the input box or upload them as a file. Now click on the "From" dropdown and select UniProtKB and click on the "To" dropdown to select your target database (in this case Ensembl). The tool allows you to convert or map your accessions from UniProt to over 100 external databases that UniProt is cross-referenced to and vice versa (e.g., Ensembl, PDB, Refseq, etc.). You will get a results page showing a table of your input IDs and the mapped IDs from your target database, as shown in Fig. 13. 3. To convert external database identifiers to UniProtKB accessions or identifiers, for example Ensembl to UniProtKB, select the external database from the "From" dropdown and UniProtKB from the "To" dropdown. You will get a results page with your mapped UniProt entries and the default columns of data that you can customise, as shown in Fig. 14. You can select entries using checkboxes to BLAST them, align them, download them, or add them to your basket. You are also presented with filters on the left-hand side of the page to help narrow down your results. Fig. 13 Retrieve/ID mapping results page from UniProt to external IDs 4. UniProt also provides the flexibility of submitting UniProt accessions to the ID mapping tool from your basket. Just add entries to your basket as you explore data and then you can use checkboxes to select them inside your basket and click on the "map Ids" tool to arrive on the Retrieve/ID mapping tool with your input prefilled in the input box.
ID Mapping
If you have a list of UniProt accessions and would like to retrieve information for them from the UniProt website in a single step, you can use the Retrieve/ID mapping tool.
To retrieve UniProtKB information corresponding to
UniProtKB accessions or identifiers, paste your list of UniProtKB accessions in the input box or upload them as a file. You can leave the "From" dropdown and the "To" dropdown selections as the default UniProtKB since you are not converting or mapping identifiers between different databases.
3. You will get a results page with your requested UniProt entries and the default columns of data that you can customise, as shown in Fig. 15 . You can select entries using checkboxes to BLAST them, align them, download them, or add them to your basket. You are also presented with filters on the left-hand side of the page to help narrow down your results. 1. UniProt provides a basket functionality to help you store your UniProt entries of interest and then analyze then, download them, or view them at a later point. The basket saves entries from UniProtKB, UniParc, and UniRef. You can add entries to the basket from search results pages of these three datasets or from their individual entry pages through the "Add to basket" button. The basket lets you select entries using checkboxes and submit them to the BLAST, Align, and ID mapping tools. You can also download your entries in formats lie List, Text, FASTA, Tab-separated, Excel, GFF, and XML. It also provides a "Clear" button and a "Full view" button which shows you your saved entries in a full results screen where you can use filters and add or remove columns to the results table. The basket keeps your saved entries until you clear your browser cookies.
Retrieving UniProt Entries for a List of Identifiers
